Robusta is the most widely cultivated coffee in Indonesia (90% of the total Indonesian coffee production). Antioxidant activity and polyphenol content of Robusta coffee is higher than Arabica coffee or the other plants. One of the efforts, for coffee market expansion is product diversification through decaffeination of coffee . Decaffeination is one of process to reduce caffeine content. Decaffeinated coffee (decaff coffee) began to become public demand. In addition to its more delicious taste, low caffeine coffee is beneficial for health because it is safer to eat. Coffee decaffeination can utilize organic solvents that contain proteases. Tofu waste was one of protease sources. So that, tofu waste had potential as solvent in decaffeination The objective of the study was to assess the antioxidant activity of Robusta green coffee after going through decaffeination by using tofu waste. The study was used Factorial Completely Randomized Design, i.e . concentration of tofu waste (30%,60%, 90%) and length of immersion (3, 6, 9 hours). Robusta green coffee antioxidant activity was examined by using DPPH method. The results showed that the highest antioxidant activity ( 17.6061) was in the treatment of 90% waste concentration and 9 hours of decaffeination time. In conclusion, the greater the concentration and the longer the decaffeination resulted in the higher antioxidant activity. This study provides information about coffee processing methods that can produce coffee with the best quality. So, It can increasing the value of domestic coffee products especially in the global market and utilizing tofu liquid waste to be more malleable.
high levels of protein which allow indigenous protease-producing microorganisms to grow in them (Sulistyaningtyas et al., 2017) . Coffee decaffeination can utilize organic solvents which contain proteases. Protease produced by naturally occurring microorganisms in tofu waste with a high proteolytic activity (65.24 x 10 -2 μmol tir. ml ) (Rahman & Indarto, 2013; Damayanti et al., 2004) . In vitro research of antioxidant compounds in coffee shows that they can protect DNA, lipids, proteins through the mechanism of trapping free radicals thereby reducing the risk of chronic disease (Bonita et al., 2007) . Therefore, a study of the antioxidant activity of decaff coffee needs to be done. This study aimed to assess the antioxidant activity of Robusta green coffee after the decaffeination by using liquid tofu waste.
The benefits of this research for science was providing knowledge about decaffeinated method through the immersion of green beans in tofu liquid waste. This study also expected to provide an information about coffee processing methods that produce coffee with the best quality so as to increase the value of domestic coffee products especially in the global market and utilization tofu liquid waste to be more malleabe.
METHODS
The study used Robusta coffee from coffee plantation in Ambarawa Central Java, tofu waste from a known home industry in Semarang Central Java, paper label, filter paper Whatman No. 41, A. salina Leach, methanol,distilled water and DPPH
Preparation of Liquid Tofu Waste Solvent
Liquid tofu waste was obtained from home industry in Semarang Central Java. The tofu waste was initially filtered so that it is free from dirty. Composition rasio between coffee and liquid tofu waste solvent is 1: 2 (w/v).
Preparation of coffee samples
The coffee fruit was taken from Robusta coffee plantation in Ambarawa, Central Java. Coffee fruit was picked by picking, the characteristic of ripe coffee fruit are red color with the same size and without any physical defect. The pickled coffee was stored at low temperatures. Furthermore, coffee fruit was peeled to get coffee beans with skin horns. The beans were weighed before the treatment (Widyotomo et al 2009; 
INTRODUCTION
Coffee is included in the genus Coffea which has about a hundred species including Coffea arabica, C. robusta and C. liberica (Varghese et al., 2014) . However, out of a hundred species, there is only two species that have high economic value, namely C. arabica and C. robusta. The first coffee cultivated in Indonesia is C. arabica then followed with C. liberica and the last is C.robusta. Currently, the most grown coffee in Indonesia is Robusta, that is 90% of the total Indonesian coffee production (Rahardjo, 2012) . This is because Robusta coffee is more resistant to Hemelia vastatrix (HV) than the other types (Wang & Ho, 2009) .
Coffee contains many chemical compounds that act as antioxidants such as caffeine and chlorogenic acid (Smith et al., 2006) . Caffeine is included in alkaloids of methylxanthin ie e 1,3,7 trimethyl xanthine. Caffeine levels of 10 g coffee powder (± 1-2 tablespoons) in 150 ml of water is 115 mg (Dollemore & Giuliucci, 2001 ). Chlorogenic acid is one type of polyphenolic compound that is included in powerful antioxidants in coffee (Naidu et al., 2008) . Antioxidant activity and polyphenol content of Robusta coffee is higher than Arabica coffee or other plants (Johnston et al., 2003; Anggara & Marini, 2011) .
One of the efforts, for coffee market expansion is coffee product diversification through decaffeination. Decaffeination is one of process to reduce caffeine content. Decaffeination aims to lower the levels of caffeine in coffee which resulted in decaff coffee (De-Azevedo et al., 2008; Mulato, 2001) . Low caffeine coffee (decaff coffee) began to become a public demand. In addition to more delicious taste, low caffeine coffee is also beneficial for health because it is safer to eat. One example of decaff coffee that has been known is kopi luwak (Hadipernata & Nugraha, 2012) . Kopi luwak prices are quite expensive to be a constraint for people to consume them. The principle of making kopi luwak is the utilization of microorganisms that produce proteases in the digestion system of civet cat (Murthy & Naidu, 2011) . Tofu waste was one of protease sources. So that, tofu waste had potential as solvent in decaffeination Immersion of coffee in pineapple fruit extracts resulted in decreased caffeine and improved quality of coffee beans (Triyana, 2014; Oktadina et al., 2013; Lestari, 2004) . Liquid tofu waste contains 9% protein, 0.69% fat, and 0.05% carbohydrates (Fatoni et al., 2008) . So, that, the nutritional components of tofu waste still have
Decaffeination of robusta coffee beans
Robusta coffee beans that had been washed. After that, it was soaked in liquid tofu waste with the concentration of tofu waste (30%, 60%, 90%) and different length of immersion (3, 6.9 hours).
Robusta Green Robusta Coffee Powder Sampling
The green beans that had been soaked in tofu waste were then dried with the help of sunlight for three days. Dried green coffee beans then were milled by using a coffee grinder (Ashihara et al., 2008; Dziki et al., 2016; Perva-Uzunalić, 2006; Tello et al., 2011) .
Extraction of total antioxidant
The immersing coffee beans were washed by using distilled water to reduce the mucus. After that, coffee beans were dried for three days with the help of sunlight. The next stage was the maceration of coffee beans by using 70% methanol for 24 hours stored at 4°C. Maceration in methanol aimed to extract the antioxidant compounds present in coffee beans. The extraction process will cause the sample color change from clear to yellow.
Extraction results are filtered using filter paper. Filtrate is a liquid used to determine the antioxidant activity in Robusta green coffee. This filtrate is considered as a solution with a concentration of 1000 ppm. Furthermore, dilution is carried out to a solution concentration of 100-10 ppm.
Analysis of Antioxidant Activity
The method used to test the antioxidant activity of Robusta coffee beans was a test method by using DPPH free radicals. DPPH reagent was a purple reagent used to determine the presence or absence of antioxidants in a solution. If a sample contained antioxidants it would change the color to yellow. The yellowish level depended on the total antioxidant compound content of a sample. The more yellow the higher the total antioxidant compound levels. Sample absorbance measurements by using spectrometry were preceded by maximal wavelength measurements. Maximum wavelength measurements were made by measuring the absorbance of methanol blank sample with DPPH reagent added.
The purpose of this method was to determine concentration parameters to give 50% effect of antioxidant activity (IC50). This can be achieved by interpreting experimental data from the method. The pure isolates obtained were tested for their antioxidant activity by DPPH method. The sample was dissolved in methanol (concentration 10-1000 ppm), reacted with 0.2 mM DPPH, incubated for 30 min at room temperature, then had the absorbance measurement at 515 nm wavelength. Antioxidant activity was calculated as a percentage of inhibition to DPPH (percentage of "scavenging effect"), ie:% inhibition = [1 (absorbance of a sample / absorbance of blank)] x 100%. The value of IC50 was the sample concentration required to deliver 50% inhibition (Naidu et al, 2008; Saboo et al., 2013; Tillah et al., 2017) .
RESULTS AND DISCUSSIONS
Immersion was done for 3, 6, 9 hours with the concentration of tofu waste by 30%, 60% and 90%. Control treatment in the study was coffee beans soaked in distilled water for 3, 6 and 9 hours. The liquid tofu waste had a characteristic odor of tofu, thick and low pH. Therefore, the tofu waste used was the new liquid tofu waste. Immersing coffee beans in tofu waste was an effort to decrease caffeine in Robusta coffee so it is safer for human body consumption. The highest absorbance value of the blank indicates the maximum wavelength. Based on the absorbance result, the maximum wavelength is 517 nm. Samples that have been reacted with DPPH then incubated in a dark room with 37ºC for 25 minutes. After that, the absorbance sample was measured by spectrophotometry.
Antioxidant activity (IC50) of Robusta green coffee bean after decaffeination process in tofu waste with different concentrations and length of immersion is shown in Table 1 . Based on Table 1 it is known that increasing decaffeination causes increased antioxidant activity. The highest antioxidant activity resulted from Robusta green coffee after decaffeination in tofu waste ranged from 17.6061 -24.4931. Robusta coffee with decaffeination in 90% waste concentration for 9 hours has the highest antioxidant activity of 17,6061. A natural ingredient is said to contain very active antioxidants, if it has an IC50 of less than 50 ppm (Budryn et al., 2017; Fitmawati et al., 2017; Gebeyehu & Bikilla, 2015; Iswari & Susanti, 2016) .
All treatments produce Robusta green coffee with high antioxidant activity. This is because natural antioxidants in green coffee was very active. Chemical compounds in Robusta coffee which are responsible for causing antioxidant activity such are phenols, saponins and alkaloids (Dziki et al., 2017; Naidu et al., 2008) . Phenol compounds contained in Robusta green coffee are tannins and flavonoids (Varghese et al, 2014) . The amount of chemical compounds in coffee causes high antioxidant activity (Zlotek et al., 2016) . Increased antioxidant activity is due to the hydrolysis of chemical compounds in green coffee during decaffeination. The hydrolysis process causes the chemical compounds to break down into simpler molecules or change into other compounds (Naidu et al., 2008) . These changes affect the amount of natural antioxidant compounds in the coffee.
Indigenous microorganism of tofu waste might have a proteolytic activity for coffee decaffeination such as in kopi luwak. This study was showing the coffee processing methods that produce decaffeinated coffee with a high antioxidant content. In this study, the use of liquid tofu waste is also an attempt to civet cat exploitation in kopi luwak industry. Decaffeination of green coffee using liquid tofu waste was become new decaffeination method. This green coffee product has equivalent quality compared to kopi luwak.
Green coffee is a coffee which was not roasted. So, It is still containing high antioxidants to avoid free radical which is harmful for human health. Tofu liquid waste contains protease enzyme producing bacteria that potentially fight free radicals. Free radicals is a very reactive molecule because it has an odd (unpaired) numbers of electrons its outer orbit. So, it was could react with body cell molecules by binding to cell electrons. It can cause reaction chains that produce new free radicals. Antioxidants can react to free radical by reducing concentration of oxygen, preventing formation of single oxygen which is more reactive, preventing initiation of first chain by capturing primary radical as hydroxyl radical, binding the metal ion catalyst, decomposing primary radical products to be non-radical compounds, and disconnecting hydroperoxide chain (Fitriana et al., 2016) . This causes the antioxidant activity of green coffee increase after decaffeination by using liquid tofu waste. The antioxidant compound in coffee was increasing due to the protease enzyme that works during the immersion process in the liquid tofu waste. Therefore, decaffeination by using tofu waste can increase the amount of antioxidants and antioxidant activity in green coffee.
Benefits of this study for society was decaffeinated green coffee more healthier than roasted coffee because of its antioxidants. Soaking of green coffee in tofu waste can produce low caffeine green coffee, almost similar to kopi luwak. Traditional farmers will easily produce decaffeinated coffee with simple and economic method. Decaffeinated green coffee in tofu waste takes less time than kopi luwak belong to 12 hours. Therefore, decaffeinated green coffee in tofu waste is more beneficial for both health and economy.
CONCLUSION
Analysis of antioxidant activity by using DPPH on Robusta green coffee decaffeinated with a 90% (v / v) tofu waste as a solvent for 9 hours shows that the highest antioxidant activity is 17.6061. This result shows that the decaffeination of green coffee beans by using tofu waste affect the antioxidant activity in Robusta coffee. The longer the immersion of Robusta coffee beans and the higher the concentration of tofu waste resulted in the higher the antioxidant activity. Benefits of this study was provided information about coffee processing methods that produce decaffeinated coffee with a high antioxidant. This study is also introducing the use of liquid tofu waste as effort to decrease civet exploitation in kopi luwak industry.
